A b s t r a c t : Near Edge X-ray Absorption F i n e S t r u c t u r e (NEXAFS) measurements a t t h e C K edge a r e used t o i n v e s t i a a t e l i n e a r hydrocarbon mol e c u l e s on Cu(100) a t 60 K . Four d i f f e r e n t d e t e c t i o n modes a r e compared under t h e same e x p e r i m e n t a l c o n d i t i o n s : f l u o r e s c e n c e y i e l d (FY) , Auger e l e c t r o n y i e l d , (AEY) , p a r t i a l e l e c t r o n y i e l d (PEY) and t o t a l e l e c t r o n y i e l d (TEY). Because of an i n c r e a s e of t h e edge jump r a t i o JR due t o r e d u c t i o n i n background i n t e n s i t y t h e f l u o r e s c e n c e y i e l d method i s shown t o be t h e most r e l i a b l e . The v a l u e s o b t a i n e d f o r JR a r e : JR(FY)= 10, JR(AEY) = 0 , 6 , JR(PEY) = 0,17 and J R ( T E Y ) = 0,05. Submonolayer s p e c t r a of C2H2, C 2 H 4 , C2H6 on Cu(100) a r e p r e s e n t e d .
I. I n t r o d u c t i o n
The Near Edae X-ray Absorption F i n e S t r u c t u r e (NEXAFS) of a molecule c o n t a i n s u s e f u l i n f o r m a t i o n a b o u t t h e o r i e n t a t i o n with r e s p e c t t o t h e s u b s t r a t e and i n t r a -m o l e c u l a r bond l e n g t h s / I / . Many s t u d i e s t h a t meas u r e t h e e l e c t r o n y i e l d a s s o c i a t e d t o t h e Auger d e e x c i t a t i o n of t h e c r e a t e d Is c o r e h o l e have been c a r r i e d o u t i n t h e p a s t f o r monolayer c o v e r a q e s on metal s u r f a c e s / 1 , 2 / above t h e oxygen and n i t r o g e n K edges. For many chemical s t u d i e s , t h e carbon K edge i s t h e most import a n t one. But around t h e carbon K edae, t h e s t r o n g l y enerqy dependent t r a n s m i s s i o n f u n c t i o n of a l l monochromators, c a u s e d by contamination of t h e o p t i c a l e l e m e n t s , l i m i t s t h e s u r f a c e s e n s i t i v i t y which can be reached by means of t h e e l e c t r o n y i e l d t e c h n i q u e s .
A s t a n d a r d f i g u r e of m e r i t f o r any d e t e c t i o n scheme a t a n a d s o r b a t e edge i s t h e edge jump r a t i o JR, which i s d e f i n e d a s t h e c o u n t r a t e d i f f e r e n c e above and below t h e edge, normalized t o t h e pre-edge backArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1986832 ground / 3 / . A t y p i c a l v a l u e of JR f o r one l a y e r of hydrocarbons ( s u c h a s C2H4) on a metal s u r f a c e i s on t h e o r d e r of only 1% f o r t h e p a r t i a l e l e c t r o n y i e l d mode / 4 / . I t i s t h e r e f o r e worthwhile t o develop a l t e rn a t i v e d e t e c t i o n schemes t h a t o f f e r a l a r g e r JR and an u l t i m a t e l y h i g h e r s u r f a c e s e n s i t i v i t y . R e c e n t l y , f l u o r e s c e n c e y i e l d d e t e c t i o n a t t h e C K edge / 5 / , h a s demons t r a t e d t h e advantane of a l a r g e r JR, compared t o e l e c t r o n d e t e c t i o n . F e r e we i l l u s t r a t e t h e a c t u a l s t a t u s of t h i s t e c h n i q u e through measurements on l i n e a r hydrocarbons on submonolayer c o v e r a g e s on a Cu(100) s u r f a c e a t 60 K . These experiments i l l u s t r a t e t h e p o s s i b i l i t i e s of t h e t e c h n i q u e a t t h e C K edae, which i s i m p o r t a n t because of t h e importance of carbon i n s u r f a c e p h y s i c s and c h e m i s t r y .
This t e c h n i q u e opens new f i e l d s of i n v e s t i q a t i o n , due t o t h e b i g e scape depth of photons ( f i g u r e I ) , a s i n t e r l a y e r s t u d i e s , measures a t h i g h e r p r e s s u r e s under r e a c t i o n c o n d i t i o n s . I t i s a l s o s u i t a b l e f o r t h e s t u d y of i n s u l a t i n q m a t e r i a l s , a s it i s n o t d i r e c t l y s e n s i t i v e t o c h a r p i n q e f f e c t s .
Experimental
The experiments were performed a t t h e s t o r a g e r i n g BESSY i n B e r l i n , u s i n g t h e SX-700 p l a n e p r a t i n g monochromator. The f l u x around t h e C K edae was a b o u t 2 -1 01° photons/sec (400 m A c u r r e n t ) , w i t h an energy r e s o l u t i o n of 1 eV. The sample was c l e a n e d by ~r + bombardement, annealed t o 300°C and checked u s i n u LEED and Auqer s p e c t r o s c o p i e s . S p e c t r a were r e c o r d e d on t h e Auaer, p a r t i a l , t o t a l e l e c t r o n y i e l d modes a s b e f o r e / 6 / , a s w e l l a s t h e f l u o r e s c e n c e y i e l d mode. The exp e r i m e n t a l d e t a i l s of t h e UEV compatible p r o p o r t i o n a l c o u n t e r a r e q i v e n e l s e w h e r e / 5 / . The s o l i d a n g l e was 5% of 4 T sr w i t h an energy r e s o l u --t i o n of 280 eV FFXM a t t h e C K, l i n e (277 eV). By u s i n g a m u l t i c h a n n e l a n a l y s e r , a window was s e t around t h e C K, peak t o l i m i t t h e e f f e c t s of e l e c t r o n i c n o i s e on t h e low energy s i d e and t h e p o s s i b l y second o r d e r e x c i t e d Cu L edges a t t h e h i g h energy s i d e / 5 / . I n an e l e c t r o n y i e l d experiment, t h e p o s s i b l y h i g h e r harmonics e x c i t e d c h a n n e l s would a i v e a background c o n t r i b u t i o n and, f u r t h e r d e c r e a s e Jp.. A l l d e t e c t o r s were p o s i t i o n e d a t a r a z i n u a n q l e s w i t h r e s p e c t t o t h e sample s u r f a c e ( f i q u r e 1 , B = 0O) . The s p e c u l a r l y r e f l e c t e d X-ray beam from t h e sample and t h e f l u o r e s c e n c e d e t e c t o r a r e a t normal a n g l e s t o each o t h e r a t normal X-ray i n c i d e n c e ( f i q u r e 1, a = oO) . I n t h a t geometry t h e background due t o t h e s u b s t r a t e i s reduced and JR i s maximized.
F i g . 1 : F l u o r e s c e n t photons and Auaer e l e ct r o n s a r e c r e a t e d by f i l l i n g a deep c o r e h o l e c r e a t e d by a pho-, t o n . The e s c a p e depth of t h e photons ( L &I000 8) i s much l a rae!i? t h a n t h e one of t h e e l e c t r o n s ( L 210 2) . 
: E s t i m a t e d and measured f l u o r e s c e n t y i e l d c o u n t r a t e s a t t h e S /3/ and C K edges. A s m a l l c o u n t r a t e i s e x p e c t e d i n o u r c a s e due t o t h e s m a l l f l u o r e s c e n c e d e e x c i t a t i o n p r o b a b i l i t y w i t h r e s p e c t t o t h e Auger p r o c e s s (%I o -~) . The e x p e r i m e n t a l c o n d i t i o n s a r e comparable.
Here t h e sample i s l o o k i n g t o t h e d e t e c t o r ( a = 70°) a t g r a z i n g X-ray i n c i d e n c e . The c o u n t r a t e i s d e c r e a s e d a t normal X-ray i n c i d e n c e w i t h a = 0O (see t e x t ) . 
R e s u l t s and d i s c u s s i o n
The raw, unnormalized, s p e c t r a f o r 10 L C2H4 a t normal X-ray i n c i d e n c e on Cu (1 00) a t 60 K a r e shown f o r t h r e e d e t e c t i o n modes i n f i g u r e 1 . The p a r t i a l e l e c t r o n y i e l d spectrum ( f i g u r e I c , r e a a r d i n g v o l t a g e : -220 V) a i v e s t h e t r a n s m i s s i o n f u n c t i o n of t h e monochromator. No s p e c i f i c f e a t u r e s due t o t h e C F4 molecules on t h e s u r f a c e ( % ~M L ? c a n be det e c t e d , a s t h e Auger X W peak i s s i t t i n g on an i n e l a s t i c e l e c t r o n background / 7 / . T h i s spectrum h a s t o b e normalized i n o r d e r t o s e p a r a t e t h e a d s o r b a t e c o n t r i b u t i o n , and y i e l d s JR = 0 , 1 7 ( f i g u r e 3 ) . I f o n l y t h e Auger e l e c t r o n s a r e d e t e c t e d , a s we d i d u s i n g a CMA, t h e c o n t r ib u t i o n of t h e background e l e c t r o n s i s reduced. Then a peak can be ident i f i e d on t h e spectrum ( f i g u r e 2b a t a285 eV) t h a t c o r r e s p o n d s t o t h e t r a n s i t i o n from t h e C ( I o) i n it i a l s t a t e t o a f i n a l n* molecular s t a t e . The v a l e n c e bands of Cu, a r e swept through t h e window of t h e a n a l y s e r below t h e C K edge.
U )
Total electron yield 1 d;jy F i g u r e 2a shows t h e f l u o r e s c e n c e y i e l d mode. The pre-edge backqround i s reduced t o %I 0 c o u n t s / s e c , which i s c o n s t a n t o v e r t h e pre-edge r e a i o n caused by e l e c t r o n i c n o i s e 10 /5/. Once t h e Auger c h a n n e l i s 280 290 300 310 320 opened, one c a n a l s o f o l l o w t h e PHOTON ENERGY (eV) t r a n s m i s s i o n c u r v e of t h e monochromator. Then, t h e C(1o) t o n* t r a n s i - A t 20° q r a z i n q X-ray i n c i d e n c e ( f i q u r e 1 , a = 70°) , Ja d e c r e a s e s t o 0 , 2 i n s p i t e of an x n c r e a s e by a f a c t o r 4 i n t h e a d s o r b a t e due c o u n t r a t e . T h i s d e c r e a s e c a n be unders t o o d i n terms of s c a t t e r e d r a d i a t i o n from t h e s u b s t r a t e .
Because of t h e low c o u n t i n g r a t e , t h e s t a t i s t i c a l n o i s e i s much b i g g e r i n t h e c a s e of t h e f l u o r e s c e n c e and t h e Auger y i e l d modes. But a s one d e c r e a s e s t h e c o n c e n t r a t i o n of t h e a d s o r b a t e atoms, what d e t e r m i n e s t h e s u r f a c e s e n s i t i v i t y and r e l i a b i l i t y of a d e t e c t i o n scheme i s JR. For J~< 0 , @ 1 one h a s o f t e n observed f e a t u r e s r e l a t e d t o incomplete normaliz a t i o n of t h e s p e c t r a . F l u o r e s c e n c e y i e l d submonolayer s p e c t r a f o r C Z H~, C~H~ and C2H6are shown i n F i g . 4 . The c o v e r a g e s a r e e s t i m a t e d by TDS spectroycopy. The s t a t i st i c s do n o t a l l o w t h e d e t e r m i n a t i o n of t h e p o s i t i o n of t h e cr-shape resonance. A complete d i s c u s s i o n a b o u t t h e o r i e n t a t i o n of t h e molecules i s given elsewhere / 8 / . I n t h i s c a s e , t h e s h a r p IT resonance of C2H can be used t o determine t h e chemical t r a n s f o r m a t i o n of t h a t s p e c i e s wgen t h e t e m p e r a t u r e of t h e s u b s t r a t e i s r a i s e d . A t % I 1 0 K ( f i q u r e 5 ) , t h e h e i g h t of t h e IT resonance d e c r e a s e s . A check u s i n g TDS showed t h a t C H 2 t r a n s f o r m s t o C2F6. T h i s d e c r e a s e i n IT i n t e n s i t y i s e a s i l y u n d e r s t o o 2 a s t h e C2H6 molecule p r e s e n t s no T bonding. F i g . 4 : Submonolayerspect r a a t normal X-ray i n c idence f o r l i n e a r hydrocarbon on Cu ( 1 00) a t 60 K u s i n g t h e f l u o r e scence y i e l d mode. 
